note S1. Gas permeation tests.
Gas permeation tests of the ZIF-8/GO/AAO membranes and UiO-66/PET membranes were performed in a custom-built apparatus via a constant-volume/variable-pressure method described in detail elsewhere (19) . The membrane was sealed on a stainless steel porous sample holder with a Varian Torr Seal vacuum sealant and placed in a larger Pyrex tube facing the feed gas flow. Moreover, the permeance side of the membrane connected to a MKS 628B Baratron pressure transducer and a vacuum pump. The gas permeance experiments were performed using steady-state gases (i.e. H2, CO2, N2, CH4, C3H6 and C3H8). For each single gas measurement, the permeate side of the membrane was thoroughly evacuated for approximately 30 min, allowing enough time to reach steady-state permeation conditions. The molar flow rate (Ni) of the permeating gas was calculated from the linear pressure rise, and its coefficient was calibrated using a digital flowmeter (ADM2000, Agilent, California, USA). The feed gas is supplied at room temperature (25ºC) under atmospheric pressure (1 bar). The permeate side in a vacuum condition, providing a driving force for permeation. The effective membrane area was measured. Membrane permeance, Pi (mol·m
), is defined as equation (S1).
where
) is the molar flow rate of component i, ∆Pi (Pa) is the transmembrane pressure difference of component i, and A (m 2 ) is the effective membrane area for testing. The ideal selectivity Si/j is calculated from the relation between the permeance of component i and component j.
note S2. Fabrication of bullet-shaped single-nanochannel PET membranes.
Single bullet-shaped nanochannels investigated in this work were fabricated in 12 µm thick polyethylene terephthalate (PET) membranes (diameter of 30 mm) by adopting the method of surfactant-protected ion-track-etching method (38). One side of the membrane was etched by 6 M NaOH + 0.025% sodium dodecyl diphenyloxide disulfonate, while the other side was etched by 6 M NaOH at 60 o C. During the etching process, a constant voltage of 1.0 V was applied across the film. After etching for about 3 min, a 1 M KCl + 1 M HCOOH solution that is able to neutralize the etchant was added into the containers on both sides of the membrane, thus slowing down and finally stopping the etching process, and single bulletshaped nanochannels were produced in the PET membranes. The nanochannel membranes were then soaked in MilliQ water to remove residual salts. Average tip diameter of the bulletshaped nanochannel is 33 ± 6 nm, while average base diameter is 239 ± 20 nm. note S3. Fabrication of single-nanochannel supported ZIF-8/PET membrane.
The ZIF-8/PET membranes were fabricated by interfacially growing ZIF-8 crystals into the base regions of bullet-shaped single-nanochannels (tip diameter 33 ± 6 nm, base diameter 239 ± 20 nm) to fully fill the base side of the single nanochannel (Fig. S7A) . We used the singlenanochannel PET membrane as the support to fabricate ZIF-8/PET membrane to confirm that the subnanometer ZIF-8 pores have alkali metal ion selectivity even without GO nanosheets.
The ZIF-8/PET membrane was prepared by interfacial growth method. The Zn 2+ solution was prepared by dissolving Zn(NO3)2·6H2O (0.055 g) in 10 mL octanol and the 2-methylimidazole (Hmim) solution was prepared by dissolving Hmim (1.125 g) in 10 ml water, respectively. The single-nanochannel PET membrane was mounted on a custom-made setup, where the Zn 2+ and Hmim solutions were separated by the membrane, the base side of the nanochannel membrane faced the Zn 2+ side, and the single-nanochannel support was vertically aligned. After reaction at room temperature for 48 h, the ZIF-8/PET membrane were taken out and rinsed with fresh methanol. Lastly, the membranes were dried at 25 o C overnight. note S4. MD simulations. Figure 3A shows our simulation system. It is composed of 3x3x3 unit cells of ZIF-8. The total number of water molecules is 1782. Four pairs of cations and anions were placed in the supercell. The water molecule numbers are chosen to ensure the whole system has a nearly zero pressure. The ion density is 0.030 nm −3 and ratio of ion-pair/water is 0.00225. Our simulation box has 2 (333) = 54 cages and thus only one seventh of the cages are occupied by ions. We also examined the transport trajectories of the ions and found that they were rarely close to each other. In other words, during the transport, these ions are isolated from each other by the ZIF-8 framework. Therefore, the relatively high ion density in our simulations would not change the computed ion mobility values. They are useful to get good ensemble statistics of the ion velocity in a relatively short simulation time.
We adopted the force field parameters from ref. (39) for ZIF-8. This new force field can model the flexible structural deformation of the ZIF-8 framework. The TIP/3P model was adopted for water and SHAKE algorithm was employed. In addition to the electrostatic forces, the van der Waals interactions among the ions, carbon atoms, and the water molecules were described by using the modified Lenard-Jones (LJ) potential. Parameters of LJ potentials of most ions and carbon atoms were taken from CHARMM27 force field (40). The LJ parameters for Li + ions are from the Optimized Potentials for Liquid Simulations (OPLS) force field (41, 42). The Lorentz-Berthelot mixing rule was used to determine the LJ potential parameters between different types of ions, water molecules and carbon atoms.
Our MD simulations were carried out using the LAMMPS code. The time step was set as 1 fs. The van der Waals forces were truncated at 1.0 nm with long-range Coulombic interactions computed using the particle-particle particle-mesh (PPPM) algorithm. An external electric field of 0.5 to 1.0 V/Å was applied. The NVT ensemble simulations at 298 K were performed. Results generated during the last 5 ns were used to calculate the ion flow velocity and radial distribution function. Note that the magnitude of the electric field in our MD simulations is higher than those in the experiments. This field allows us to get statistically significant ion flux results in a relatively short simulation time (~ns). The numerical discrepancies of ion mobility could be attributed to the differences of force field parameters and the relatively large electric field used in our study.
note S5. Fabrication of single-nanochannel supported ZIF-7/PET membrane.
The ZIF-7 membranes were fabricated by interfacially growing ZIF-7 crystals into the bulletshaped single-nanochannels (tip diameter 33 ± 6 nm, base diameter 239 ± 20 nm) to fully fill the tip region of the single nanochannel (Fig. S12A) . We used the single-nanochannel PET membrane as the support to fabricate ZIF-7 membrane because we could not obtain defectfree ZIF-7 membranes via GO-assisted interfacial growth method (ZIF-7 seeds cannot be uniformly attached onto GO nanosheets). The ZIF-7/PET membrane was prepared by counter-diffusion method. Zn 2+ and Bim solutions were prepared by dissolving Zn(NO3)2·6H2O (0.1 g) and Bim (0.256 g) in 10 ml DMF, respectively. The singlenanochannel PET membrane was mounted on a custom-made setup, where the Zn 2+ and Bim solutions were separated by the membrane, the base side of the nanochannel membrane faced the Zn 2+ side, and the single-nanochannel support was vertically aligned. After reaction at room temperature for 24 h, the ZIF-7/PET membrane were taken out and rinsed with fresh methanol. Lastly, the membranes were dried at 25 o C overnight. note S6. Fabrication of single-nanochannel supported UiO-66/PET membrane.
The UiO-66 membranes were fabricated based on the bullet-shaped single-nanochannel membranes (tip diameter 33 ± 6 nm, base diameter 239 ± 20 nm) by an in-situ solvothermal synthesis method (Fig. S12B ). ZrCl4 and BDC were dissolved in 40 mL DMF under stirring to give a molar composition: Zr Schematic of a biological ion channel that has an angstrom-sized ion selectivity filter, for selection of specific ion and a nanometer-sized cavity for fast ion transport (i). Such as the ion selectivity filters of biological Na + channels, consisting of specific Na + -binding sites (ii), are generally 3 to 5 Å in diameter, while the cavities are ~12 Å in diameter (4-6). The Na + selective filter is assembled by a series of free carbonyl oxygen atoms (C = O) and functional groups (i.e., NH2 and COOH) from amino acids of the protein. Because the ion selectivity filter of the biological ion channel is smaller than the hydrated ionic diameter, ions should undergo dehydrating processes when they bind into the selectivity filters (iii). Ions are rehydrated by water molecules when they move out of the ion selectivity filter into the large cavity of the ion channel (iii). (B) Schematic of the ZIF-8 membrane. As shown in the crystal structure (i) and SOD topology (ii), pores of the ZIF-8 membrane consist of ~3.4 Å windows and ~11.6 Å cavities (30). The geometrically identical pores are shown along the z-axis (iii). The pore morphologies are illustrated in the yz plane (iv). The pores of the ZIF-8 membrane assembled by the windows and cavities share some similarities with the pore structure of the biological ion channel: small windows and large cavities (iv). As a result, the ZIF-8 membrane is expected to exhibit biomimetic ion selectivity and ultrafast ion transport properties. 
Where k is conductivity of the electrolyte solution, L is the thickness of the membrane, and S is the test area of the membrane. For a membrane, L and S are constant parameters. Therefore, the conductance can be described as a function of k, G = S/L × k. As a result, the conductance value of the AAO membrane under different solutions is proportional to the conductivity of the electrolytes. To clearly demonstrate that ZIF-8 crystals were fully coated the base side of the PET nanochannel, we manually removed the surface layer of ZIF-8 crystals fabricated on the PET-nanochanel membrane before SEM characterization. Although ZIF-8/singlenanochannel membranes can be fabricated for fundamental study of ion transport properties, such membranes are not suitable for practical ion separation as their ion flux is at least 5 orders of magnitude less than those of ZIF-8/GO/AAO membranes. This is because the AAO support has a higher density of nanopores, which provide a much greater area of pathway for transport of ions coming through ZIF-8 layer, whereas the single-nanochannel PET support only provides an extremely small area of pathway for ion transport. fig. S8 . Ion transport mechanism through subnanometer ZIF-8 pores. Due to the unique structure of the ZIF-8 windows and cavities, ions must undergo multiple dehydratinghydrating processes when they transport through the ZIF-8 membrane. Hydrated ions are dehydrated partly when they enter into the window regions of the ZIF-8 membrane. But ions are hydrated again when they exit the windows of the ZIF-8 membrane and enter the cavities of the membrane. Ion selectivity ratio of Mi/Mj was calculated from the relation between the current of MiCl and the current of MjCl at +0.2 V. 
